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more) relations. Each node in the graph is associated with one and
only one label (its name) and with one data link or pointer (dmwn
as a dotted line to avoid confusion with the arcs of the graph
itself) which places the node of R, in correspondence with one and
only one description D(R;) (of how to model, explain, bring
about R;) or, equivalently, the embodiment of D"(R;) at an
interface (the task structure, TS(R,)), as shown in Fig. 4.

One fragment of a relational network is shown in Fig. 5. Each
node has incoming arcs and outgoing arcs. Any cluster of incoming
arcs (there may be several for a given node) is covered by a label
and signifies a derivation path: for example, R, is derivable from
R, and R;: R, is derivable either from R, and R; or from R,
and R ; the label on a cluster bears a description of the relational
operators mustered in making this derivation.

In Fig. 5 the majority of outgoing arcs have been deleted for the
sake of clarity. The graph is still unwidely and an anastasmotic
plexus of this kind is quite typical, even of well structured subject
matier.

5.2 Entailment networks. The first step towards obtaining
something more manageable is to replace the arc bundle labels by
additional nodes. These additional nodes are distinguished (Fig. 5)
by a double circle notation.

The distinction is justified on the following grounds: (a) A
relational operator is a relation and may thus be legitimately
represented as a node. (b) Relational operators usually appear in
many places in the graph., To keep the rule, that ordinary nodes
have unique names, it would be necessary to draw a confusingly
large number of arcs emerging from each relational operator if it
were represented as an ordinary node (for, their names,
“eomposition” or “‘projection’, can only appear once in the
graph). To avoid a proliferation of uniformative arcs the nodes
representing relational operators are distinguished to admit the
convention that the same double circled nodes may be repeated at
different places in the network.

This transformation, carried out for convenience, should not
destroy specificity. Hence, when the labels on arc bundles are
converted into clusters of distinguished nodes, distinct derivation
paths are preserved by the arrow head notation in Fig 6. Any
ordinary node may have several ingoing arc bundles, just as it may
have any number of outgoing arcs. In contrast, distinguished nodes
depicting relational operators are devoid of incoming arcs.

266
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Fig. 7.6. Entailment network obtsined from the fragmentary relational
network of Fig. 5. Distinguished nodes (shown as double squares) stand for
relational operators or any collection of relational operators. The arrow heads
indicate distinet derivations,

5.2.1. The structure obtained when the labels are removed from
a relational network, when its relational operators are represented
as distinguished nodes, and its derivation paths are indicated by
arrow notations is called an entailment network. For example, Fig
6 is the entailment network of Fig. 5.

5.2.2. Let = represent a one to one correspondence. Since

() Nodes in a relational network * Nodes in its entailment
network.

(b) Pointers in a relational network < Pointers in its entailment
network.

(¢) Node (topic relations) names + Node (topic relation) names.

(d) Arc clusters covered by a label # Arrow head notation at
the same nodes.

(e) Relational operators noted in a label = Distinguished nodes
attached, at the arrow head, to the same node.

It follows that a relational network and its entailment network
are isomorphic; that is

(1) Relational network <« Entailment network
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Helational network # Entaillment network (Section 5.2)

Entailment network ¢ Entailment mesh

Entailment network < Entailment mesh x Operntor data base
(from Section 5.3.2)

5.4. Primitive nodes. Nodes in the entailment mesh that are
devoid of incoming arcs are called primitive. The operational
significance of this appelation is ns follows: if the mesh is used as
part of the entailment structure D' (R) for a tutorial conversation,
then the student, A, must treat the relations they designate as
properties he can evaluate.

The requisite condition is dually stated;

“The Student A has a reproducible concept for the relation
designated by each primitive node™.

Or

“There exist in (w1, w4 ) a pair (Proca i, Procy i) for each node
i, that is called primitive".

There is no obvious way of determining whether or not this
condition is satisfied before a conversation starts, but the issue is
empirically determined by a tutorial B-heuristic which either does
or does not mark all primitive nodes as understood, If not, the
conversation is discontinued, at any rate until the student has
undergone appropriate training.

Nor is there any way of telling how many nodes, over and above

those called primitive, will be marked as understood. This is
irrelevant to the conduct of a tutorial conversation, unless the
converse condition is obtained i.e. all of the nodes are marked as
understood. If so, the student is so knowledgeable that there is
nothing he can learn about the domain in question and conversa-
tion is also disallowed.
5.0  Distinguished nodes, Since distinguished nodes (standing
for relational operators) and primitive nodes both call for the
satisfaction of certain empirically determined initial conditions
they are grouped together as initial nodes.

Thus,

Initial nodes = (Distinguished nodes, Primitive nodes)

6. The form of Entailment Meshes

An entailment mesh is usually a complicated structure since
outgoing arcs from any one node re-enter many other nodes as
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incoming arcs, In order to extract the organisation of the mesh it
is convenient to isolate fragments of it in the imagination as
substructures from which most of the outgoing arcs have been
stripped away (not in reality, only in the pictures used to describe
the mesh).

This trick is particularly useful in establishing substructure
definitions that are required either to test an entailment mesh for
cyclicity, or to formulate the CASTE heuristics (Chapter 4).

6.1. Conjunctive substructures, Select any non primitive node,
a. It stands for a relation Ra, and is at least associated with the
substructure shown in Fig. 7.

This picture is verbally construed as

“Ra is a system of RS and of Ry"

or

“Re entails Rf and Ry

or

“Given Procj f (a concept for Rf) and Proc$ v
(a concept for Ry) any A who has Proc! in wi for each
distinguished node may construct Proc}, o (a concept for Ra)'".

6.2. Disjunctive substructures. Two essentinlly different
organisations exist in the majority of entailment networks; one of

a 7

Fig. 7.7. Conjunctive arganisation in the entailment network.

c B D

Fig. 7.5. Disjunctive organisation in the entallment network.
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shead” and “tail” refer (as stated) to how it is decided to draw the
mesh. For interpreted meshes, these names may reflect a maore
thoughtful description of the mesh; they still do not depend upon
the mesh itsell.

73 Head node. Suppose a node, X, is called the head of an
arbitrary mesh. If the mesh is cyclic (and, henceforward, not
vacuous) then it satisfies the (following) requirements, 7.4.1, 1.3.2
and 7.3.3.

7.31. In each Kernel k, X, there is, at depth d, at least one
node Yy, (in general, there are many of them; thus the index j)
such that X is in Im Ent Set Y,,. Since the cyclic mesh is
non-vacuous the incoming arcs to Yy, are disjunctively organised;
hence, there are several Kemels 1Y, and Im Ent Sets | Yy
1=1,.... M. Suppose the outgoing arc from X is in the Kemel 15
?H (i.e. that X is mjm_E_n_LSg_t tx Y”}+

7.3.2. The other arcs, incoming to Kernel 1y Yy, emanate from
other nodes in Im Ent Set 1y Y, ,. These one or more nodes (call
them M) form a class, A. If the mesh is eyclic, then either Y, is
simple; all A in A belong to Ent Set k, X, (dk) or Yy, is supported;
all \ in A belong to all M distinct Ent Set] Y, ; or both conditions
hold; one for some nodes; one for the others.

733, Conditions 7.3.1 and 7.3.2 hold for each Ent Set kX in
Ent Set X.
7.3.4. On interpretation; if condition 7.3.2 holds true for a

simple Y, then each Ry is a relation for which a concept must
have been constructed in reaching a concept satisfying Ry f{rom a

T

u

Fig. 7.156. A form of simple closure.
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u -'oupnwilnr
substruciure

Fig. 7.16. A form of elosure in which the status of Y; as a tail to the hea
maintained by a supporting substructure. AR s

‘ja e _.n.-

Fig. 7.17. Example of a mixed condition: ¥; has -
!l e 1 a supporting substructure;

concept satisfying each Ry . (the situation shown in Fig. 15); if
condition 7.3.2 holds true olr a supported Y, then a concept for
each Ry must have been constructed to obtain a concept for each

Ry, ,, regarded as part relations of Ry in Kemel k, X (Fig. 16),

The situation corresponding to the mixed condition is shown in

Fig. 17,
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context of a modelling universe that may have less than 8
members. Any set of 7 sockets will suffice, one being deliberately
excluded from the picture).

9.2. 'This progression, from D' (R) and its primitive nodes to the
design of a modelling facility is typical, though conceivably it
could be reversed (i.e. the modelling facility might be in the
source’s mind before he expands his theory of the subject matter),
In either case, it is necessarily true that any modelling facility is
described by the L' description in D'(R): for example, the
quadrants of STATLAB are partitioned, as the entailment
structure is partitioned, by the descriptions “‘structural model/
measure’” and *“‘real experiments/abstract model or measure” (in
the notation of chapter 4: the distinctions “C or G/D or H'' and
“CorD/Gor H"),

93. As a final stage, the classes of non verbal explanation
D(R,) (Le. the modelling tasks) are specified as a Task Structure
TS(R;). Canonically, these modelling tasks are represented as a
command graph, which permits their concurrent execution. Since
STATLAB is artificially constrained to accommodate only serial
modelling operations, the program of Chapter 4 and Appmdix
E (which monitors the use of STATLAB) is, however, just as
versatile.

9.4. Recalling the argument of Section 3.4, the fact that all of
the primitive node relations are realised as Erupertieﬁ of a
modelling facility does not imply that the L" properties are
comparable exceplt insofar as they are related indirectly by
entailment,

To emphasise the point suppose that node | and node p are
primitive. It follows that R, and R, can be regarded as properties
Prop | and Prop p (by anyone able to learn in R) and that there are
LY predicates Pred”! and Pred®p with values Val 11.. .. Vallm,
and Val pl . . .. Val pm,. The property values are certainly
disjoint subsets and Prop | or Prop p may thus be regarded as sets
(rather than 1-adic-relations) namely

SI = PEEI' ={_\,:ﬂl,1]U....U[}.’_all.m.l
S, = Propp = (Valp,1) U....U (Yalp,m,)

But, for the reasons already rehearsed, it is neither necessarily, or
usually the case, that S, and 5, are, in any than an artificial sense,
subsets of the same set.
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9.5. As a very practical consequence, the objects picked out by
L? statements in Pred®| (s) and Pred’p (s) (where s is an L” object
variable) may belong to different parts of a modelling facility
which (apart from their physical proximity) may as well be
considered as distinct modelling facilities. For example, the left
hand side and the right hand side of the STATLAB facility are
distinet, in this manner, There is a very clear sense in which
temporally or spatially demarcated occurrences (left hand side
experimental results) are comparable with the abstract and
temporal entities (the right hand side events) if and only if they
are compared by the major (real, abstract) anslogy of the theory
embodied in the conversational domain. As a matter of fact the
comparison is restricted, in any case, to ergodic or statistically
stationary ensembles and it is contingent upon the profound bul
still tenuous notion of statistical dependency and statistical
independence.

8.6. Moreover, it does not follow that a student A (who is able
to learn in R) can only regard the primitive topic relations as
properties. For example, if R, is a relation between R,, R, (or
Prop | and Prop p), A may also be able to regard R, as a property.
Hf can do so, on a given occasion n, if there is some Proclj in
wa (n).

For example, the novice, learning probability theory, regards
only the primitives as properties and consequently assimilates such
concepts as “composite event” or, at a higher level in D'(R)
“exclusive/inclusive/composite events'' as relations between the
initial properties. But any moderately versed student may regard
“composite event" or “subset” as a property of the modelling
facility and in the limit any student will be able to regard
“probabilistic"’ as a property of general “inference" ie. to
understand probabilistic inference.

10, The L' description of R

Once that R is established, the IA labels its nodes using an index
i=1,....imax and calls upon the source to give an L'
description of R in which each node is distinct, This description is
to be made in terms of unary but many valued L' predicates,
called descriptors, and is a matrix that accommodates D' (R) (the
descriptors are part of D' (R) but not all of it). It is assumed that
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“subordinate”) but others must be added to satisfy the
requirements of Section 10, and the source has considerable
freedom in this respect. Moreover, he could always have selected
several distinct head topics (thus setting R, in D'(R) or ES(R),
equal to a specific £2,,.

11.1 Alternative descriptions of an entailement mesh and
redundant descriptors. Although CASTE, as it has been detailed,
only presents a student with one description, D!(R), of the
pruned cyclic entailment mesh, the system actually contains the
data represented in the entailment network. Hence, even in the
existing system, it is quite possible to employ redundant
descriptors on the same mesh with values that are uncovered by
explore transactions.

In addition, there are several ways of extending the collection
of descriptors and increasing the possible level of redundancy. For
example, choice of additional L' predicates or of a different fine
structure family of L' predicates both achieve this result. More
fundamental modifications are produced by choosing further head
nodes in the entailment mesh, with the property that the pruned
mesh +s cyclic. This operation certainly changes the description
because it necessarily alters the meaning attached to the primary
descriptor “‘superordinate and subordinate™ with respect of some
(and usually many) nodes.

This possibility is especially interesting because it appears that
one outstanding parameter of a conversational domain and the
underlying collection of knowables is the number of head topics
which can be chosen with the property that all of them yield a
eyclic and prunable entailment mesh (since each cholce gives rise
to a different primary descriptor on a given mesh £2).

11.2. The “Quality" (ndex, Let HedNum (M) gtand for the
number of other-than-primitive or distinguished-nodes in 0 and
call the quality of this mesh Qual (£1), namely

i HedNum (£2)
Qual (2) = Number of head nodes yielding a cyclic mesh, Rin 1

Thus, Qual (£2) is the ratio of nodes that eould, in principle,
count as head nodes to the number that give rise to meaningful
structures.
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11.21. Qual (£2) can equal 1 (maximum

quality) as is shown
constructing any closed definition of a relational operator, tmy.g
natural _cnn?posll:iun in terms of other operators here, natural join
and projection),

11.2.2. Obviously Qual (2) = 0 if HedNum (£2) = 0 because £2
duie:“nut {ield lcy;lmslructum.ﬂerpnuﬂng.'r}hnmmmmm
entailment meshes for which HedNum () =

) il (1) = number of (non
11.2.3. The motive in defining Qual and HedNum i
conceptually simple, but has widespread ramifications, mu;
(£2) indicates the number of topic relations in £ that could be
named and that, if named, could be reproduced as memories: Qual
(£2) the proportion of nodes that have this property.

11.24. The larger the value of (£1), the richl

tnpms “associated”. But notice that "Hiﬂch:.'inunt:ﬁ (as :m
used in psychology) fails to indicate the information preserved in
linking R; and R,. Cyclic entailment does so and Qual (£2) is thus

gn index of how much potential information is rsed in the

11.2.5. Qual (£2) may also be regarded as a measure of the
L-explicability of the set of topic relations in £2; the number of
ways in which thm relations can be explained. It may be possible
to replace this index by a logical content or conversely a logical
information measure. As an optimising principle, for the source/IA
dlalngu_e, we recommend building relational networks, meshes, ete.
to maximise the value of Qual (£2).

11.2.6. For any mesh £ it is possible to generate HedNum
dist&nbt; defat;;]f:ftiumtn; ::: conversational dng;ujn by choosing Elill:
number o eren
e node(s) and deriving the pruned cyclic
If the operations discussed in Sections 8 and 9 are carried out
then each R is gtwm at least one description D' (R) and it may be
given several, (in principle, it can be given an indefinitely large
m:m_berorthemuimethemurculs free to select any fine structure
Ia_m:!g of predicates Pl(e) and to add redundant descriptors if he
"l"lﬂ"ll!i]. These descripdons are indexed f (as the D} (R) and D'(R)
{unfnde:edjmreiﬂurbamadtoufubnum of them or the
entire class. By convention, just K (R) descriptions are, in fact,
specified by the source (hence 0 = 1....K(R)). The K (R)
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14. The Advantages and Disadvantages of Redundancy

An entailment structure always permits several ways of leaming
the subject matter and often a very large number of them. In a
CET regulated A, B conversation on a subject matter domain R,
the learning actually done by a Student (A) is externalised as his
learning strategy. Although this strategy must, by virtue of the
conversational form demanded, encompass at least one legal “way
of leaming"”, it may and often does, encompass many “‘ways".
That is, u learning strategy may either represent a unique approach
or a hybrid of many approaches and, in case his learning strategy is
# hybrid, student A will have built up a redundant conceptual
repertoire.

A student with a redundant conceptual repertoire has, in one
sense, “learned more" about a subject matter than a student with
a specific repertoire. On the other side of the coin, it can be
maintained that redundant learning is improvident since (as a
result of the entailment structure’s construction) the topie
relations that have been leamed are certainly reproducible; it is
only a question of whether they can be reproduced by one or
many methods.

The advantages of redundancy in respect of a conversational
domain, R, are chiefly evident when the student breaks off the
tutorial dialogue and casts around freely in domains that are not
necessarily compatible with R and that may lead him to use
Eﬂmﬂum that interfere with those he acquired in contact with
In other words, either a redundant repertoire or a specific
repertoire will work if A remains in one conversational domain; in
particular, if the sprout of an A, B conversation is anchored on
this domain. But the chance that A can establish the distinctions
needed to overcome inconsistencies or ambiguities of any kind
(which may be encountered if the sprout of his ongoing
conversation i not anchored on one domain) is enhanced by a
redundant repertoire; both by the presence of many procedures for
explaining R, and many ways of memorising these procedures and
constructing fresh ones as context specific surrogates.

It s useful to tackle the matter under two sub-headings,
namely, “‘what has a student (A) learned (in an A, B conversation
that is anchored on R) when he is able to legally explain the head
topic(s) in D' (R)" and “how is A’s conceptual repertoire modified
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by altering the commands issued und the guestions asked i.e, by
chal#gl.ng the task specification”

e shall cull empirical data from a specific context (taxono
leaming) in order to illustrate that A's conceptual l’El:Eﬂ-Dilﬂ.?t};
Fedundnncy (hence, general resilience) depends upon an
Interaction between A's cognitive style, the instructions given by
B, and the form of the entailment structure.

15. Types of Taxonomy Learning

The method for pretesting a student’s style of learning (Chapter
3) involves al least one experimental session during which the
student learns a taxonomy. Two species of Martian, and
consequently unfamiliar, fauna have been devised for this purpose.
The species were christened “Clobbits” and “Gandlemullers” by
Mr. Scott, who invented these charm ladened, though grotesque,
animals (Fig. 27 is a Scott original).

The taxonomic system is quite carefully devised to ensure that
any complete and exhaustive classification scheme relies upon data
!Jf auzmml types; pictures, as shown; patterns of behaviour:
ingestion and habitat; salient features, such as limb number and
position of limbs in relation to the body; historical reasons for
assigning code names to the creatures. For Clobbits there are four
complete schemes of classification (all of them relying upon two
or more types of data) and the student is allowed to learn about

Fig. 7.27. A Clobbit.
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taxonomic systems (our well versed student is in the position of
an experienced zoologist who no longer relies on a sorting
catalogue but recognises specimens by insight and many valued
clues), The main source of richness lies in o (deliberately
engineered) property of the entallment mesh. Not only are the
head nodes analogous but also many of their subordinates.

15.1. A student who has leamed successfully is able to classify
any Clobbit and to explain (by citing a model for his taxonomic
system) at least the four different and so called “'official” ways of
doing so. If presented with the full entailment structure of Fig. 28
he is automatically directed to learn like this unless the
instructions are qualified, Call the unqualified instruction “Leam
all the Methods".

15.2. The instruction “Learn all methods" can be qualified
using the same entailment structure, to read “choose any one
method and learn that only™, At first sight, this instruction is
more readily carried into effect, but some students, notably those
typed on similar learning tasks as serialists, find the situation more
difficult because they confuse data relevant to the method they
have chosen with data that are irrelevant to this method (but
relevant to executing *“Leamn all Methods™).

15.3. Alternatively, the entailment structure can be abraded, by
ablating parts of it, so that it depicts the (still many) ways of
leamning exactly one method of classification. In this case the
“Learn All" instruction is equivalent to one chosen interpretation
of the "Learn any one” instruction issued in the context of the
original and complete entailment structure. 1t may or may not be
easier to perform this apparently simple learning task. If the
student is a serialist then the specific task is easier. A holist, on the
other hand, may find it virtually impossible to leam the
taxonomy. The trouble he encounters depends upon whether or
not there are sufficient ways of leaming the one method; for
example, the holist usually finds it easier to execute “Learn Any"
in the context of a complete entailment structure.

15.4. The advantage of holism in contrast to serialism is that it
fits a redundantly specified conversational domain and, if
successful, the holist student is able also to see the wood for the
trees.

15.5. To summarise the matter; a successful student presented
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with the complete entailment structure, and the instruction
“Learn All", learns all taxonomic methods, Given the complete
entailment structure and the instruction “Leam any one” the
successful student learns at least one taxonomic method, but the
holist is apt to learn several methods under the same instruction, A
student who jeams to use, memorise and reconstruct many
methods is at some advantage over his fellow if he deals with
similar subject matter in several domains, but the complete
entailment structure, which gives permission for many methods of
learning and performing is not an unmixed blessing. Its diversity
may embarrass a serialist, for example, in much the same way that
educational “enrichment materials’ (historical reference,
anecdotes and the like) are known to hinder progress on the part
of some people just as they help other people. In an attempt to
avoid the confusion which is typically encountered by the serialist,
the entaillment structure may be cut away, so that it permits
(usually several) methods for learning one taxonomic method. But
this expedient may render the subject matter unleamable by a
holist student unless he constructs imaginary topic relations, as a
kind of cognitive glue, and, if he does so, there is a real danger that
the inventions may be inconsistent with the original subject
matter,

16. Restrictions on the form of entailment structures

Since Bernard Scott is the sole subject matter expert on
Clobbits (hence, an absolute authority with respect to any set of
self consistent statements about these animals) the simple trick of
hacking away much of the complete entailment structure to
obtain a qualified entailment structure is always legitimate. In
general, there is much less freedom in this respect.

The entailment structure given by a subject matter expert
according to his theory of a real science or a real art is rooted in
several sub-theories; just as the theory of the taxonomy (iis
explanation) reflects past and present theories of behaviour, of
observation, and so on. Even if the expert is disclined to disclose
his theory, the course assembly heuristic will force him to do so
(failing which the entailment meshes will not be cyclic and will
not be pruned). For example, the expert is unable to get away
with reciting a table or a catalogue or listing a chart. However, as a
result of all this trouble, the structure is consistent and eyclic and
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